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I INTRODUCTION

A. Summary

The Electromagnetic Techniques Laboratory of Stanford Research Insti-
tute has designed, developed, and fabricated a planar K-band (18.0 to
26.5 GHz) low-noise, balanced mixer with a wide IF bandwidth of 10 GHz
using advanced microwave-integrated-circuit (MIC) techniques specifically
suited for millimeter-wave applications. These mixers successfully demon-
strate the first application of planar MIC techniques at millimeter wave-
lengths to achieve low-noise performance over wide bandwidths. They es-
tablish the feasibility of the planar MIC approach up to 40 GHz and pave

the way for similar developments to 80 GHz and beyond.
The major goals of the development were to:

e Obtain wideband operation in each mixer covering as a mini-
mum the K~ and Ka- waveguide bands, respectively.

e Demonstrate the high-performance capability of planar
millimeter-wave circuit techniques for future system
applications,

e Establish techniques that are feasible for operation to
the 40-to~60-GHz range and above.

o Establish design techniques that can be easily extended to
include YIG-tuned filters and local oscillators all on one
substrate.

e Obtain a design of minimum size and eliminate bulky wave-
guide adapters.

e Achieve nominal conversion loss and noise-figure performance
for LO power variations of up to 6 dB.

e Provide IF filters designed with 10-CHz bandwidth to extend
the potential mixer application capabilities to systems
using double conversion.




The primary objectives of the mixer development program were to

achieve high performance over wide bandwidths in a small volume with high

reliability and with low cost in production.

All these objectives were

achieved by the application, to the millimeter-wave region, of techniques

proven at lower frequencies.

pletion of the development

in mixers that met all the

The highlights of the

for a LO power level of +3

This approach assured the successful com-
program within a six month period and resulted

expected performance specifications.

typical performance of the two types of mixers

dBm are listed in Table I-1. Additional de-

tails on the performance are contained in Sections II and III.

Table I-1

MIXER PERFORMANCE SUMMARY

K-Band Ka-Band
Image-Reject Mixer | Balanced Mixer
Main Test Parameters (18-26.5 GHz) (26-40 GHz)
Goal Achieved Goal Achieved
>
LO port VSWR 2.5:1 Lol 2wk 25k
RF port VSWR 25zl 1.5:1 Zaotelh ot l
IF port VSWR 24051 L.25t] Le5 5l 255!
Conversion loss 8.5 dB 8.7 d 8.0 dB | 8.0 dB
Noise figure at 168 MHz IF 10.0 dB | 10.2 dB 9.5 dB 9.5 dB
(IF bandwidth 110 MHz,
IF amplifier noise figure
1:5 dB)
LO to RF isolation 13.0 dB | 15.0 dB 25,0 dBi| 25.0 dB
2 ¥ 2 balance at =20 dB RF | 40.0 dB | 53.0 dB {40.0 dB | 45.0 dB
power level
Image rejection 20.0 dB | 22.0 dB Does Does
not not
apply apply
2




B. Conclusions

The K- and Ka-band mixer developments of this program have demonstrated
the broadband capabilities of the planar MIC construction at frequencies up
to 40 GHz. These MIC techniques can now be considered for application in
other broadband systems at mm wavelengths. Some appropriate applications
are in IFM (instantaneous frequency measuring) polar discriminators,
channelized receiver front ends, superhetrodyne receivers, and other
ECM/ESM (electronic counter measures/electronic support measures) appli-
cations where wide bandwiath performance is desired with small size and

low production cost.

It appears that these planar MIC techniques can be extended further
in frequency--first to 60 GHz and possibly to 100 GHz. At this time, the
planar MIC technique seems to be the most promising for achieving wide
band operation at mm wavelengths. The upper frequency limit will be
determined primarily by the precise mechanical dimensions and tolerances
obtainable from the available fabrication technique. New design approaches
and techniques are necessary to realize circuit components (particularly
3-dB hybrids) with wideband performance at 100 GHz. These new design
approaches will require less stringent mechanical tolerances (measured
in electrical wavelengths) in order to provide for the development of

complete complex planar MIC systems up to 100 GHz.




IT K-BAND (18.0 to 26.5 GHz) MIC, IMAGE-REJECT MIXER

A, Background

The K-band (18.0 to 26.5 GHz) image-reject mixer was developed for
shipboard applications. It is applicable to wideband, low-noise and high-
RF-bandwidth receiver systems and features coaxial RF and LO ports for

easy integration with YIG-tuned filters and oscillators.

The basic approach used to realize the K-band image-reject mixer was
the planar MIC technique. All of the RF circuitry and a major portion of
the IF circuitry were constructed on a single sapphire substate 0.75 x 1.50
inches in size and 0,010 inch in thickness. This approach reduced inter-

connecting line lengths to a minimum, thereby reducing circuit losses.

Using a single substrate also eliminated connectors and jumpers from
the internal circuitry of the image-reject mixer. Subsequently, impedance
discontinuities between components were reduced to a minimum so that phase
and amplitude matching over a broad band could be more easily achieved.
Because each of the component parts on the substrate were processed at
the same time, their performances were closely balanced and the overall

balance of the image-reject mixer was substantially enhanced.

A1l of the design performance goals as outlined in the Introduction
were achieved for the K-band image-reject mixer Model KIRM-2(2), shown in
Figure II-1. 1In particular, consistent performance was obtained over the
entire waveguide bandwidth. The mixer performed as expected from theoreti-

cal considerations under conditions of LO power variations of 6 dB.

Section I1-B discusses the design principles of the K-band image-

reject mixer, and detailed performance characteristics are presented in

PRECEDING PAGEIBLANK-NOT FILMED




SA-3414-17

FIGURE 1I-1 K-BAND (18.0 to 26.5 GHz), MIC, IMAGE-REJECT MIXER, MODEL KIRM-2(2)

Section II-C. Section II-D presents performance of the single-balanced-
mixer portion of the image-reject mixer for comparison and also includes
performance of several of the component parts used in the image-reject
mixer. Operating instructions for the image-reject mixer are given in
Appendix A, The performance goals for this development and a technical

performance comparison are presented in Appendix B.

B. Design Principles

The image-reject mixer incorporates a pair of balanced mixers (single-
balanced or double-balanced), two RF hybrids, and one IF hybrid as shown
in Figure 1I-2. The RF is fed through a quadrature hybrid while the LO
is fed through an in-phase power divider. The IF outputs from each
balanced mixer are combined in a quadrature hybrid operating at the IF

6




BALANCED
MIXER

'

Real
.[_ AV RF RF IF Output
QUADRATURE IPEARE - sy QUADRATURE
HYBRID POWER LO HYBRID
1o S SPLITTER Image
Input Input } Output
‘ .
| saLancep
i MIXER
TA652583-94
FIGURE I[1-2 BLOCK DIAGRAM OF IMAGE-REJECT MIXER

frequency. The response due to the upper sideband appears at one output

port of the IF hybrid, while the response due to the lower sideband ap-
pears at the other. Therefore, the image response is suppressed without

the use of RF bandpass filters preceding the RF port.;* Also, the noise
in the image band generated by a microwave preamplifer is suppressed.
Either single- or double-balanced mixers may be used in the design of an
image-reject mixer, and the respective advantages and disadvantages of

each carry over to the image-reject mixer.

Figure I1I-3 shows the RF, IF, and bias circuitry of the K-band, image-
reject mixer, Model KIRM-~2(2). The IF quadrature hybrid is contained in
the compartment under the substrate and is the only element not visible
in the figure. The image-reject mixer shown consists of two single-
balanced mixers, RF and LO signals are supplied to each single-balanced

mixer through the quadrature hybrid Hl, and the in-phase power divider.

9
References are listed at the end of each major section.

7




POWER DIVIDER
/ ¥
MIXER DIODE
f

SA 34141

FIGURE II-3 RF AND BIAS CIRCUITRY OF K-BAND (18.0 to 26.5 GHz), MIC, IMAGE-
REJECT MIXER, MODEL KIRM-2(2)

The RF load resistor for the quadrature hybrid Hl and the balancing
resistor for the in-phase power divider are thin-film tantalum nitride
resistors fabricated on the substrate during the circuit-delineation pro-
cess., The two single-balanced mixer portions of the circuit are located
on opposite ends of the substrate. The mixer diodes are Schottky-barrier
beam-lead devices (Hewlett-Packard 5082-2769), and are shunt-connected to
ground through a conductive-epoxy-filled hole in the sapphire substrate.
The IF combining circuits and a portion of the diode-biasing circuits are
located at the extreme ends of the substrate. Chip capacitors and chip
resistors are used for the dc and IF circuits.

8
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The two PC boards at opposite ends of the sapphire substrate contain
the diode bias and protective circuits and provide the bonding pads for
ribbon leads connecting to the circuitry on the sapphire substrate. The
quadrature hybrid for the IF and the coaxial cables to the IF output ports
connect through the back side of che PC board and are not visible in the

figure.

C. Measured Performance

A performance summary of test results obtained for the K-band, image-

reject mixer, model KIRM-2(2) is shown in Table II-1.

Details of the noise-figure performance are shown in Figure 11-4.
From the data in Figure II-4 the diode bias currents were set at 1.0 mA,
corresponding to the minimum-noise-figure condition with +3 dBm LO drive.
Note also that at 1.0 mA diode current, variations of the LO power from
0 to +10 dBm change the noise figure by only 1.5 dB and by only 0.6 dB
for LO power variations from +3 to +10dBm. Therefore, for the condition
in which the LO source may be gradually degrading, as is not unusual at
millimeter wavelengths, the KIRM-2(2) mixer is capable of providing noise

performance that is only slightly degraded.

The conversion-loss characteristic shown in Figure 11-5 illustrates
the broadband capability of the KIRM-2(2). The conversion loss is less
than 9 dB over 907% of the band and rises to a maximum of 10 dB at the
upper bandedge. The image-rejection characteristics and the 2 x 2 inter-
modulation products are also shown in Figure II-5. The curves labeled
Port Jl apply when the LO frequency is greater than the RF frequency, and
Port J1 is the output port for the real IF signal. (Port J2 would be the
output port for the image signal, in this case.) When the LO frequency
is less than the RF frequency, the real signal appears at Port J2 and the

curves labeled Port J2 apply. Note that the image rejection is typically




Table I1-1

PERFORMANCE OF K-BAND, MIC, IMAGE-REJECT MIXER,

MODEL KIRM-2(Z)

Test Results

Notes Parameter Max or Min Data k
Typical
+3 dBm | +6 dBm S
Conversion loss, dB 10.0 9.6 8.7
Image rejection, dB 18 L7 22
LO-to-RF isolation, dB 12 9 L5
LO-to-IF-isolation, dB 36 36 41
RF VSWR 2.4:1 20651 J ER R |
LO VSWR 2.0%1 2.4:1 1431
IF VSWR (168 MHz) l.4:1 LGl 1251
1-dB compression point, dBm 0 +1 +1.5
3 Common-mode rejection, dB 16 16 .4 26
2 2 x 2 suppression, dB 44 45 53
é 2 4 x 3 suppression, dB >60 >60 >60
2 3 x 4 suppression, dB >60 >60 >60
3 2-tone 2nd-order, intermod, dB -40 -42 N/A
3 2-tone 3rd-order, intermod, dB =32 <-60 N/A
Mixer Parameters
Frequency: 18.0 to 26.5 GHz
Size: 4" x 2.5" x 2.1" excluding connectors
Weight: 1 pound
Power requirements: +15 Vdc at 2 mA
-15 Vdc at 2 mA
LO drive range: +3 to +6 dBm
Notes: (1) 1Injected RF level = -20 dBm.
IF output level measured relative to RF level.

(2) RF level = -20 dBm,

IF output level measured relative to primary IF output.

(3) RFl = RF2 = -20 dBm.
Data taken at 25 GHz.

10
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FIGURE II-5 CONVERSION LOSS, IMAGE REJECTION, AND 2 X 2 INTERMODULATION
PRODUCTS FOR THE K-BAND (18.0 to 26.5 GHz), MIC, IMAGE-REJECT
MIXER, MODEL KIRM-2(2). IF frequency = 168 MHz, diode bias currents =
1.0 mA, LO power input = 3.0 dBm.

greater than 20 dB and dips to a minimum of 17 dB near band center. 2 x 2

intermodulation products are greater than 40 dB across the band.

The transfer characteristics and the second-order intermodulation
characteristic is shown in Figure II1-6. The 1~dB compression point is
slightly above 0 dBm and the second-order intermodulation intercept point
is +6 dBm. Increasing the LO drive to +10 dBm has only a small effect

on the l1-dB compression point, increasing it to about +4 dBm.

The return loss of the LO and RF ports and the LO-to-RF isolation
are shown in Figure II-7. The minimum return loss at the RF port is 8 dB,
corresponding to a maximum VSWR of 2.3:1. The RF-port return loss over
most of the band is greater than 10 dB (VSWR = 1.9:1). The LO port re-

turn loss is greater than 10 dB over the entire band. Both the RF and

12
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LO ports are fitted with coaxial connectors (Maury Microwave Corp. Type
MPC2) suitable for operation at millimeter wavelengths for the purposes

of testing (see Figure 11-1). (In a system integration, the coaxial
cables could mate directly with a YIG-tuned filter and LO, eliminating

the connectors.) Assuming that the connector VSWR and the VSWR associated
with the coaxial-to-microstrip transition at the substrate are about equal,
then the maximum measured VSWR of 2.3:1 corresponds to a maximum VSWR of
about 1.5:1 for both. Over most of the band, where the measured VSWR is
typically less than 1.9:1, the connector and the transition VSWRs are less
than 1.38:1. Therefore, the typical input VSWR to the KIRM-2(2) mixer as
seen by a YIG-tuned filter and by a YIG-tuned LO would be on the order of

L.38:L.

The LO-to-RF isolation characteristic shown in Figure I[1-7 indicates
the worst case isolation to be 12 dB at the low-frequency end of the band,
which is slightly better than the design goal. The isolation is greater
than 14 dB over the remaining 907% of the band and increases to values in

excess of 20 dB over a significant fraction of the band.

The return losses of both the image and real IF output ports are
identical and are shown in Figure II-8. At the IF frequency of 168 MHz

the return loss is 20 dB, corresponding to a VSWR of about 1.2:1.

D. Design and Performance of Component Parts

| General

In order to achieve maximum performance from the image-reject
mixer, each component part was first tested separately. 1In this way, the
performance of each component part could be individually optimized, be-
cause once the components were assembled into an image-reject mixer, there
would be no opportunity for individual testing and the effects of perfor-

mance deviations would be masked by other components so that interpretation
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FIGURE 11-8 REAL AND IMAGE IF-PORT RETURN-LOSS CHARACTERISTICS FOR THE
K-BAND (18.0 to 26.5 GHz), MIC, IMAGE-REJECT MIXER, MODEL
KiIRM-2(2). Diode bias currents = 1.0 mA.

of test results would be extremely difficult. In this subsection, perti-
nent component parts of the image-reject mixer are discussed and individual
per formance characteristics are presented. The components are treated in

order of descending complexity as follows:

e Balanced Mixer
e Diode selection and matching network
e 3-dB quadrature hybrid

e Low-pass filter.

2, K-Band (18.0 to 26.5 GHz), MIC,
Single-Balanced Mixer

A single-balanced mixer was used in the image-reject mixer rather

than a double-balanced mixer because it has a lower noise figure and lower
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VSWR, In addition, it is somewhat less complex. The single-balanced-
mixer portion of the image-reject mixer indicated in Figure 11-3 was

tested by feeding RF and LO signals into the two arms of the 3-dB quadra-
ture hybrid that are opposite the two arms connecting to the mixer diodes.
This was accomplished by constructing the single-balanced mixer on a square
substrate approximately one-half the length of the image-reject-mixer sub-
strate so that the input arms to the 3-dB quadrature hybrid were accessible
at the substrate edges and could be connected to coaxial input lines

through suitable transitions.

The double-sideband (DSB) noise-figure characteristic of the
single-balanced mixer is shown in Figure 11-9, and corresponds to curves in
Figure II-4 for the image-reject mixer where LO power inputs are two times
as great as for the single-balanced mixer to account for the extra diodes.
For example, the O-dBm curve in Figure 11-9 corresponds to the +3 dBm curve
in Fiugre I1I-4, The minimum double-sideband noise figure is 7 dB at O dBm
LO power input to the single-balanced mixer and occurs at a diode bias
level slightly greater than |l mA. For the same LO power input per diode
(+3 dBm total to the mixer) and the same bias level of 1 mA, the noise
figure of the image-reject mixer is 10 dB from Figure I1-4. The noise
figure of the image-reject mixer is the single-sideband noise figure be-
cause of the image-cancelling properties of the image-reject circuit, and
should be 3 dB greater, theoretically, than the 7-dB double sideband

noise figure of the single-balanced mixer.

Figure II-10 shows the noise figure obtained as a function of LO
power input with the diode bias currents adjusted for minimum noise figure
at each value of LO input power. By adjusting the bias currents as shown,
the mixer can be used over a wide range of LO powers with very small varia-

tion in the noise-figure performance.
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The conversion-loss characteristic is shown in Figure II-11.

The conversion-loss is typically less than 8 dB over most of the band,
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FIGURE 1I-11  CONVERSION LOSS FOR THE K-BAND (18.0 to 26.5 GHz), MIC,

BALANCED MIXER, MODEL KDMIX-1. Diode bias currents = 1.0 mA,
LO input power = 0 dBm.
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increasing to about 8.4 dB at 26 GHz, and compares well with the noise-

figure data measured with an amplifier with 1.5 dB noise figure.

The return-loss characteristics for the single-balanced mixer in
Figure 11-12 indicate a VSWR less than 2.0:1 (10 dB return loss) over the
band for both the RF and LO ports with the exception of one point where
the LO port VSWR increases to a maximum of 2.3:1. The LO-to-RF isolation

for the single-balanced mixer varies between 5 and 10 dB over the band.

3 Diode Selection and Matching Network

Hewlett Packard Schottky-barrier beam-lead diodes (HP 5082-2769)

were used in the K-band, image-reject mixer. They had the following

characteristics
Junction capacitance 0.08 pF
Series resistance 5 ohms
Junction resistance (1 mW LO power) 230 ohms
Package capacitance 0.02 pF

Lead inductance 0.1 nH

The cut-off frequency and self-resonance frequency for these diodes are
approximately 400 GHz and 50 GHz, respectively. The diodes were connected
electrically in shunt by mounting them between the microstrip line and

a grounding post through the substrate to the ground plane. The post was
fabricated by ultrasonically drilling a 0.040-inch-diameter hole in the
substrate and filling it with silver epoxy. A broadband RF match to the
diode impedance was designed by including the beam-lead parasitics as

part of a lumped-element matching network. Additional series inductance
was obtained by increasing the gap size where the beam-lead diodes were
mounted. Additional shunt capacitance was obtained by adding capacitive

islands to the microstrip line near the diode.
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The return loss was more than 12.5 dB over the band, as shown
in Figure 11-13, corresponding to a maximum VSWR of about 1.6:1. This

also includes the VSWR of the connectors.

RETURN LOSS — dB

Lk

26 27

FREQUENCY — GHz

SA-3414-11

FIGURE 11-13 RETURN LOSS CHARACTERISTIC FOR BROADBAND MATCHING NETWORK
FOR K-BAND MIXER DIODE, HP5082-2769

4. K-Band (18.0 to 26.5 GHz),
MIC, 3-dB Quadrature Hybrid

The 3-dB quadrature hybrid was realized by connecting two
8.34-dB edge-coupled microstrip couplers in tandem. Crossovers were
placed at the center of each 8.34-dB coupler in order to preserve the
overall symmetry of the 3-dB hybrid and assure that the quadrature phase
relationship between the outputs was maintained over the entire band.
Because the coupler is physically very short, the crossovers represent a
significant portion of its length and have a significant effect on the per-
formance by introducing discontinuities that increase the ripple response.

The effects of the crossovers and also of the discontinuities presented
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to the coupler at its ports during testing are evident in the performance
characteristics of Figure 11-14. Over the 18.0-to-26.5-GHz band, the
coupling-characteristic imbalance is 0.7 dB maximum. The dissipation
loss through the coupler is about 0.8 dB for eacii path., This loss also
includes losses introduced by connectors and transitions used to test the
hybrid, and would be somewhat less for the hybrid imbedded in the image-

reject-mixer circuitry.

e Low-Pass Filter

The low-pass filter for the extraction of the IF signal was
designed using a semilumped approximation. High-impedance lines were
used to realize series inductors, and low-impedance lines to realize
shunt capacitors. A seven-pole filter was realized by fabricating the
capacitor sections on the substrate and bonding 0.00l-inch-diameter gold
wire between the capacitor islands for the inductors. The IF frequency
of the mixer was 168 MHz and was determined by the IF hybrid, but the low-
pass filter was designed for IF frequencies up to X band. Measured per-
formance of the low-pass filter when terminated in 50 ohms gave a VSWR of
1.05 at 168 MHz and an insertion loss of 0.10 dB. The filter performance
over the frequency range from 300 MHz to 18 GHz is shown in Figure II-15
and illustrates the low-pass characteristic with a cutoff frequency of

about 11 GHz.

E. Conclusions

The utility and advantages of planar, MIC techniques applied at milli-
meter wavelengths have been demonstrated successfully by the K-~band image-
reject-mixer development. The wideband performance obtained is comparable
to that of lower-frequency MIC mixers and derives directly from the use
of planer techniques and beam-lead diodes with very high cutoff frequen-

cies. By use of the MIC medium, it was possible to avoid the restrictive
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bandwidth limitations associated with waveguide circuits and to open up
the millimeter-wave bands to wideband system realizations. In addition,
fabrication of the entire RF portion of the image-reject mixer on a single
substrate substantially reduced internal impedance mismatches and resulted
in an inherent balance between components that were subjected to identical
processing steps. As a result, low-noise performance and good image re-

jection and LO-to-RF isolation were obtained over the entire K band.

The successful application of the MIC technique at millimeter wave-
lengths requires that circuits be fabricated with mechanical precision
commensurate with the small wavelengths. Precision delineation of the
thin-film circuit patterns is greatly enhanced by the use of smooth sub-
strate material such as polished sapphire. The use of smooth substrate
materials and photolithographic techniques routine to semiconductor
integrated-circuit production provides adequate precision and repeatability
to assure high yield and low-cost production of relatively complex MIC
circuits at millimeter wavelengths. It is clear that the techniques used
to produce the K-band image-reject mixer can be extended to 40 and possibly

60 GHz with minimum difficulty.
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ITI Ka-BAND (26.5 to 40 GHz) PLANAR BALANCED MIXER

A. Background

Waveguide single-ended and balanced mixers for millimeter-wave fre-
quencies have been available for many years. The instantaneous RF band-
width of these mixers was limited to between 107 and 20%. Wider bandwidths
in waveguide are difficult to achieve. Therefore, a new planar approach
was taken that circumvented most of the difficulties of a waveguide de-
sign and offered all other advantages of an integrated-circuit design,
such as small size, low cost, high reliability, and reproducibility.

Two major obstacles that limit the bandwidth of waveguide mixers will

be touched upon briefly. For many years, chip diodes mounted in a so-
called Sharpless waveguide wafer' were the only diodes suitable for
millimeter-wave frequencies. These diodes were limited in bandwidth
because of the parasitic reactances of the chip itself and those of the
wafer mount. More recently, GaAs Schottky-barrier dic s with very high
cutoff frequencies (1000 GHz and higher) and low junction capacitances
have become available. Even more important, GaAs diodes are now on the
market in the form of beam-lead devices, which make microwave integrated
circuits (MIC) at millimeter-wave frequencies practical. Because the
MIC transmission-line geometries such as microstrip or stripline are
smaller than waveguide geometries, and the electromagnetic fields are
confined to smaller areas, interconnections with small semiconductor

diodes are possible with greatly reduced parasitic reactances.

For wideband applications, single~ended mixers are normally insuf-
ficient because they lack local-oscillator (LO) noise suppression and

low spurious-response density. Therefore, balanced or double-balanced
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mixers have to be used., Balanced mixers require cither a 90° or 180°
hybrid to combine the LO signal and RF signal. Waveguide hybrids were
ruled out because of limited bandwidth (short-slot coupler, branch-line
coupler, or magic Tee) or because of excessive coupling imbalances (multi-
hole coupler), In addition, all waveguide couplers are quite large in
size, and two separate transitions to a circuit medium convenient to

mount the two diodes would be required. On the other hand, stripline or
microstrip wideband quadrature hybrids from 26.5 to 40 GHz are very dif-
ficult to realize. The microstrip design developed for the 18-to-26.5-GHz
image-reject mixer probably represents the uppermost limit of that par-
ticular design. Branch-line couplers covering the complete Ka-band are
feasible, but their performance is not very appealing. Most promising at
the time of this writing appears to be a hybrid branch-line coupler in
microstrip.; This design combines microstrip and slotline to achieve a
wideband quadrature hybrid with an easily achievable geometry. It is

also important to note the differences between a mixer using a 90O hybrid
and one using a 180° hybrid. The 90" hybrid generally has good LO and

RF port VSWRs, but suffers from a low LO-to-RF isolation. Opposed to
that, a 180 hybrid-coupled mixer has good LO-to-RF isolation but has

normally poorer LO and RF port VSWRs, If LO-to-RF isolation is an im-

portant factor, the 180° hybrid is the proper choice,

Because none of the above-mentioned hybrids offered performances
satisfying all the requirements for a wideband Ka-band mixer, a design
based on forming a 180° hybrid junction by joining two orthogonal trans-
mission lines was selected., The basic principle of this design is shown
in Figure I1II-1, The RF input is a balanced-line system (e.g., waveguide,
two=wire line, or slot line). The unbalanced input (e.g., coaxial line,
stripline, or coplanar waveguide) carries the LO signal. Two diodes
appearing in series and with equal polarity across the RF port and in

parallel with opposite polarity complete the hybrid junction. With the
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FIGURE IlI-1  SCHEMATIC OF Ka-BAND BALANCED MIXER USING BALANCED
AND UNBALANCED LINES

diodes so connected, the IF signal appears on the unbalanced side. There-
fore, a diplexer consisting of a low-pass filter (LP) and a bandpass filter
(BP) is necessary to separate the IF and LO signals. This hybrid junction
is essentially equivalent to a waveguide T with the unbalanced and the
balanced ports corresponding to the H and the E arms. The remaining two
ports of the waveguide T correspond to the ports to which the diodes are
connected, By nature of the geometrical symmetry of the junction, this
hybrid has perfect isolation between the RF and the LO ports. In practice,
the isolation is limited only by geometrical asymmetries and an imbalance
of the diodes. The following section presents details of the practical

application of this mixer schematic to the Ka-band mixer,
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B, Design Considerations

The design of the novel 26,5-to-40-GHz mixer i1s best illustrated by
means of the photographs of the actual unit as given in Figure I11-2 and
particularly in Figure III-3, An outside view is shown in Figure ]II;G.
The circuit is printed on two 0.010-inch quartz substrates. Quartz was
selected because of its low loss tangent and its low dielectric constant
(¢p = 3.78), which means a reduction in loss compared with higher dielec-
tric substrates such as sapphire. A 180" hybrid junction was selected,
using a balanced slotline for the RF signal and an unbalanced coplanar
waveguide for the LO and IF signals. The junction geometry is ideal for
mounting beam-lead diodes. The RF input of the mixer is in waveguide,
shown on the right side in Figure III-3. The substrate sits in the center
of the wavegaide, perpendicular to the broad wall. A tapered transition
printed on the substrate matches the waveguide input to the slotline,
which has a characteristic impedance of 100 ohms. Only on the waveguide
side, the taper is interrupted by a single step, nominally A/4 away from
the edge of the substrate. This step compensates the abrupt discontinuity
caused by the emergence of the quartz substrate in the waveguide. Like
all major components of the mixer, the taper was evaluated initially in
a model experiment at C-band. Design details and results of the component
development will be treated separately in Section III-D.

*
The input line for the LO is a coaxial semirigid cable. This allows

easy interconnection with a YIG-tuned oscillator, which is usually cong
structed with coaxial transmission lines. Visible on the left side of
Figure III-3 is the transition from the semirigid cable to a suspended sub-
strate. The center conductor of this line is printed on the quartz sub-
strate, with the outer conductor formed by a 0.080-by-0.080-inch channel

in the housing. A three-section bandpass filter formed by half-wave,

*

The coaxial connector used is the MPC2, male, from Maury Microwave,
Cucamonga, California, which provides mode-free operation up to 40 GHz.
Transitions from MPC2 to waveguide are available from Maury Microwave.
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FIGURE [11-2 PHOTOGRAPH OF BALANCED MIXER FROM 26.5 TO 40 GHz SHOWING
THE TWO HALVES OF THE HOUSING AND THE TWO QUARTZ SUBSTRATES
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FIGURE IlI-4 Ka-BAND PLANAR BALANCED MIXER

parallel-coupled resonators located alternately on the top and the bottom
side of the suspended substrate passes the LO signal, but stops the IF
signal. The passband insertion loss of this filter is less than 1 dB.
Stop-band insertion loss 1s better than 21 dB at 10 GHz and 39 dB at

2 GHz. The LO bandpass filter is followed by a section of straight
50-ohm suspended substrate stripline and a tapered section that is more
precisely referred to as coplanar waveguide because the channel dimensions
do not change in the tapered section. The taper maintains the 50-ohm
impedance level., A pair of matched diodes is mounted at the junction of

the slotline and the coplanar waveguide.
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Extraction of the IF signal occurs by means of a semilumped low-
pass filter that is constructed in microstrip. This filter has a nominal
passband from dc to 10 GHz and a stop-band attenuation of more than 50 dB
from 26.5 to 40 GHz. Special care has been given to the common junction
of the bandpass and low-pass filter. The residual reactance of both
filters presented at the common junction was taken into account in the

design of each filter.

Separate biasing of the two diodes in this mixer was made possible
by dc-isolating the large, printed gold areas that form the ground con-
ductor for the coplanar waveguide and the slotline taper. An RF short
to the housing of these conductors is accomplished with 0.0005-inch mylar
insulators between the gold metallization and the top cover of the mixer,
The insulated areas in the top cover are a quarter wavelength wide at mid-
band. Together with the cavities on both sides of the waveguide channel
(see Figure III-2), an effective RF choke system is formed. Two 1000-pF
capacitors are mounted between the substrate and ground for the IF ground
return, The diodes are current-biased from a dc voltage supply through
resistors of several kilohms. To allow different currents in the two
diodes, a 5.1-kilohm resistor is connected to ground on the IF output
side to provide a path for the difference in the two diode currents to
ground, This resistor has a negligible influence on the performance

of the mixer.

The most critical elements of the mixer are the diodes. They deter-
mine to a high degree the RF bandwidth, the conversion loss, and the noise
figure that are achievable with a given configuration. For millimeter-
wave applications, Schottky-barrier diodes with an extremely high cutoff
frequency, fc' low junction capacitance, CJ' and low series inductance,

*

L , are required. Beam-lead diodes in GaAs with C_= 0.05 pF have been
s J

used in the current Ka-band mixer. The low parasitic reactances of the

*
AE1 Semiconductors, Lincoln, England.
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diodes and the particular mixer design technique, which permits mounting
of the diodes with essentially no additional parasitic reactances because
matched transmission lines lead directly up to the diode junctions, en-
able a wideband match of the mixer diodes at all ports, A small sapphire
chip across the slotline was used as the only tuning element., In a pro-
duction unit, ‘however, this chip could be replaced by a printed inter-
digital capacitor. "A good match of the diodes 1s important, because mis-
match losses at the RF and IF port add directly to the noise figure. Ex-
cessive mismatch at the LO port reduces the pump power supplied to the
diodes and has a detrimental effect on the noise figure and the dynamic
range of the mixer, Details ahout the diode selection and the design of

the matching network are presented in Section I1I1I-D.

(3l Measured Performance

A final version of the 26,5-t0o+40-GHz mixer was subjected to numerous

tests. A summary of the test results is presented in Table III-1.

Some of the most important results are shown in more detail in the
following figures. Conversion-loss data are presented in Figure I1I-5
for +3 and +6 dBm. Also shown are the noise figures at 39 GHz, A
mechanically tuned Gunn oscillator was used for the noise-figure measure-
ments. The increasing difference in conversion loss above 36 GHz between
the two LO power levels shown is due to increasing loss in the LO path,
which leads to a less-than-sufficient LO drive level at the fixed bias
current of 1.5 mA, Figure 111-6 shows the return loss for the RF and LO
port, The RF-port measurcment is made at +0 dBm and 1,5-mA bias current
(no LO). It demonstrates the excellent match that was achieved over the
full band (10-dB return loss corresponds to a VSWR of 2:1), On the LO
side, the return loss is over most of the band below 6 dB (3:1 VSWR),.

The real part of the LO impedance of one diode is approximately 60 ohms.

Two diodes appear in parallel at the LO port, resulting in a 30-ohm
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TEST RESULTS OF 26.5-T0-40-GHz BALANCED MIXER,

Table

IT1-1

MODEL RBM-1

*
Parameter Test Conditions Value
Conversion loss pLU = +3 dBm 8 dB typical
9.5 dB max
pLO = +6 dBm 7.6 dB typical
8.2 dB max
Noise figure 1.3 dB IF amplifier noise figure| 9.1 dB
) = +6 db
LO +6 dBm
| = 39 GHz
RF
RF~port VSWR <£1.9:1
LO~-port VSWR £3.4:1
IF-port VSWR IIF = 0.1 to 2 GHz <1.,33:1
LO-to-RF 1isolation 25 dB typical
=17 dB
LO AM noise suppression 22 dB typical
Spurious-response
suppression:
Single t
1;g e2 one -39 dB
4 5 3 pRF = =20 dBm >60 dB
* >60 dB
3 x 4
Input 1-dB compression
i presetonles = 36 onz -5 dBm
point RF
Input 3rd-order-
intermodulation {RF = 36 GHz +17 dBm
intercept point
*
P = 43 dBm and 1 = 1.5 mA, unless otherwise noted.

LO BIAS
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termination for the LO transmission line of nominally 50 ohms. The mea-
sured VSWR is above the 1,67:1 theoretical level because of the matching
network that is optimized for the RF side and not for the LO side, as

well as interaction with reflections of the bandpass filter and the transi-
tions. A LO-port VSWR of 3:1 is fully satisfactory for low-noise operation
of a balanced mixer at 2-mW incident power level. As Barber® pointed out,
a pump source that is eicher significantly higher or lower in impedance
than the diode impedance actually slightly improves the conversion loss.
The separation of RF and LO port would theoretically permit independent
matching of the RF and LO port. However, coplanar waveguide impedances
below 50 ohms on a quartz substrate are impossible to obtain because the

gaps are too narrow.

The inherent frequency-independent decoupling between the LO and RF
port is evidenced by the good LO-to-RF isolation as shown in Figure II1-6,
and the good LO AM suppression., Actually, the isolation presented in
Figure III-7 is not the optimum achievable. Most of the remaining im-
balance is caused by the sapphire chip in the diode area. It is difficult
to mount the chip in a perfectly symmetrical location. Without the chip,
the isolation can easily be adjusted for better than 25 dB by regulating

the two diode currents.

Figure I1I-8 shows the noise-figure dependence at 39 GHz with LO
power and as a function of bias current, These test data demonstrate
that under proper biasing conditions, a flat noise figure can be main-
tained with more than 10 dB of LO power variation, This can be obtained
at a minor overall sacrifice in noise figure. The high-IF frequency
response of the mixer is shown in Figure II1I-9, Also plotted is the
attenuation slope of the IF filter, which indicates that the increase in

conversion loss with IF frequency is solely due to the IF filter. For
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these high-IF measurecments,
nected parallel to the 1000-pF bypass capacitors. The
restrict the IF response to 2 GHz.
for different LO power levels and bias currents,
the IF VSWR stays typically below 1.3:1 and does not exceed 1.5:1,
suppression of intermodulation products,

tone, is at least comparable to that of

LO drive levels,
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D, Design and Performance of Component Parts

In this section some of the detailed work that went into the design
of the Ka-band balanced mixer is explained more carefully than was pos-
sible in Section III-B. As already pointed out, most component parts
were initially built and tested in scale models at a lower frequency.

For these models we used 1/16-inch copper-clad dielectric sheets with

er = 4 (which is close to the relative dielectric constant of quartz).
~This dictated a scale factor of 6.25 and scaled conveniently from Ka-band
(WR 28) to C-band (WR 187). Some experiments were also conducted at
X-band with a scale factor of 3.125. Only after satisfactory performance
had been obtained with the scale model was a . circuit at the actual fre-
quency fabricated. The only element that is difficult to scale is the
beam-lead mixer diode, which is available in one size only. The theoreti-

; : T . : i . - : 4
cal basis for scaling of microwave circuits can be found in Schneider.

" LO-IF Diplexer

Initially, we determined experimentally the dimensions of a
50-ohm suspended substrate line and then designed the LO-bandpass filter.
This filter is a three-section half-wave parallel-coupled line filter
with the resonators printed alternatively on the top and the bottom side
of the substrate. This design provides strong coupling between the res-
onators and relatively low capacitance to ground, a necessity for a wide-
band filter of this type. Initial values for the filter parameters
(Chebyshev with 0.1 dB ripple) were taken from existing design tables.
However, because of the inhomogeneous dielectric of the coupled-line
sections, the even- and odd-mode velocities are different, Therefore,
the filter was analyzed and optimized using exact equivalent circuits
for coupled-line sections in an inhomogeneous dielcctric.5 Because of

the large difference in the mode velocities, the filter response deviates
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significantly from that of a similar filter in a homogeneous medium. The

final optimization of the filter was done in the scale-model experiment.

The IF low-pass filter is of the semilumped type and built in

microstrip. The standard design procedure as outlined in Matthaei, Young,
and Jones was used., The design 1Is based on a seven-section Chebyshev
prototype with 0,01 dB ripple. The cutoff frequency is 10 GHz and in the
center of the 26.5~t0o~40~GHz band the input impedance of the filter at the
common junction of the diplexer is adjusted for an open circuit, The
large separation of the two passbands makes the interconnection of the

two filters easy. Nevertheless, the residual reactance of the bandpass

filter was taken into account in the design of the low-pass filter and

vice versa,

After the successful completion of scale-model experiments,
an actual-size diplexer was fabricated and tested. The major results of
these tests are shown in Figure III-10. The low-pass filter response 1is
close to theoretical. The return loss is better that 20 dB (VSWR <1.2:1)
up to 7 GHz, but stays below 11 dB up to 10 GHz. The attenuation of the
low-pass filter above 10 GHz increases monotonically and reaches close to
50 dB at 18 GHz. In the 26.5-to0-40-GHz range, the attenuation exceeded
the dynamic range of the measuring setup of 40 dB. The bandpass filter
exhibits sufficient low-frequency attenuation to prevent any IF loss at
the LO port up to the highest IF frequency of 10 GHz. In the passband,
the return loss stays generally around 15 dB. This includes not only
the reflections of the filter but also those of two suspended substrate-
to-coax transitions, two pairs of MPC2 connector assemblies, and two
MPC2-to-waveguide transitions. For comparison, a pair of MPC2 adapters
with a 6~-inch-long MPC2 cable assembly in between has a minimum return
loss of 14 dB. When the 6-inch semirigid cable assembly is cut into two
pieces and a 1~inch section of suspended-substrate line with two transi-

tions from semirigid cable to suspended substrate is inserted, the total
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return loss decrecases to 11 dB minimum and 17 dB average. Hence, the
effect of the bandpass filter is a small deterioration of 2 dB in the
return loss over the return loss of the suspended substrate through-line
alone. Total insertion loss of the filter in the 26,5-t0-40-GHz band
increases from 1.6 dB to 2.5 dB when referenced to the 6-inch semirigid
cable assembly. The loss of the suspended-substrate through-line alone
is 0.8 to 1.3 dB. Therefore, the filter itself adds between 0.7 to 1.2

dB of loss to the LO path.

2. Waveguide-to-Slotline Transition

For proper matching to the diodes a 100-ohm slotline impedance
1s needed. The dimensions of this slotline on quartz were extrapolated
from data for substrates with higher dielectric constants than quartz and
were verified experimentally (2 mil gap width on a 10-mil substrate) .

The transition from waveguide to slotline consists of a single step and

a tapered section as explained in Section III-B. The total length of the
transition is 0.7A in air at the low end of the band, but because rhé
wavelength decreases toward the slotline end of the taper, the actual
length is more than A at 26.5 GHz. The shape. of the taper was determined
experimentally by testing two scaled transitions connected back-to-back.
The model experiments resulted in a final transition with a VSWR below
1.5:1 max for the pair or 1.22:1 max for one transition alone., Actual-
size measurements of the transition were made to a limited degree. A
single transition was terminated in a small 100-ohm chip resistor and a
return loss better than 13 dB was observed. The parasitics of the chip
resistor significantly affected this measurement, and it is concluded
that the transition by itself must have a return loss of at least 15 dB
(VSWR <1.,43:1) . The losses of the transition were estimated by measuring
the return loss of a short-circuited transition, They are less than 0.3

dB.
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;o Diode-Matching-Network Design and Theoretical
Conversion Loss

This subsection explains some of the considerations that went
into the design of the diode-matching network and presents a theoretical
estimation for the conversion loss. The conversion-loss calculations
follow closely the work by Barber.® The equivalent circuit of the AEI
diode is shown in Figure III-11 and it includes typical element values for

the circuit parameters., All elements are considered constant, except for

the junction resistance R_, which varies periodically with the IO signal.
J

|
LD | LS Rs
)
|
Z | —— R
0 ' —r )
Cp2 | Cor G
|
—— 8 O
T
\ I\ J
b | Y
MATCHING NETWORK . BEAM-LEAD DIODE
AE| DIODE Ci=005pF
R, = 4Q
Cpl = 0.01 pF
Ls = 0.1 nH

SA-3414-17

FIGURE I1I-11 EQUIVALENT CIRCUIT OF BEAM-LEAD DIODE AND MATCHING NETWORK

RF
the average value of R, at the signal frequency. To minimize losses
J

To obtain a good match to the RF port it is necessary to consider R[

in R , the real part of the parallel connection of RRF and C, has to be
s

maximized for the frequency of operation, which occurs at
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Doing this at the upper bandedge of 40 GHz, one obtains R
RF opt = 80 ohms

for the AEI diode.

A matching network consisting of a series inductance, L ,
augmenting Ls' and a shunt capacitance, sz, transforms the diode network
into a third-order lowpass filter. A computer optimization program was
used to determine the optimum values of Lp, sz, and the impedance of
the input line, ZO. For the diode parameters given above, the optimum
matching-network parameters were found to be Lp = 0.32 nH, Cp2 = 0.041 pF,
and ZO = 50 ohms, which resulted in a maximum theoretical VSWR of 1.30:1
in the 26.5-to-40-GHz band. Because two diodes appear in parallel on
the RF side the slotline impedance has to be 220 or 100 ohms. The addi-
tional inductance Lp had to be determined experimentally by mounting the
diodes at various positions. Similarly, the size of the sapphire chip
that was used to realize Cp2 was determined empirically. Judged by the
measured VSWR of less than 1.9:1 at the RF port, the response of the
practical implementation of the matching network came close to the

theoretically calculated value.

With RRF ot determined, the characteristic conversion loss
was calculated using Torrey and Whitmer's results. However, instead of
operating with the peak LO voltage, the pulse duty ratio (PDR), as intro-
duced by Barber® was used. Based on an incident LO power of 2 mW, a
PDR = 0.25 was estimated. This results in a characteristic conversion
loss (that of an ideal diode without Rg) of 4.6 dB. The value of the
junction resistance, which is seen by the IO signal, is then calculated to
be RRF opt/1.33 = 60 ohms and the IF impedance is 108 ohms. Because two
diodes appear in parallel on the LO and IF side, the real part of the

IO impedance is 30 ohms and the IF impedance is a very convenient 54 ohms.

Both values agree closely with the measured VSWRs,
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In addition to the characteristic loss, further losses are in-
curred due to R , mismatches on the RF and IF side, and circuit losses,
S
The following table summarizes all of the losses contributing to the total

theoretical conversion loss:

Characteristic loss 4.6 dB
Loss due to Rg 0.6 dB
Mismatch losses 0.1 dB
Circuit losses 0.8 dB

Total theoretical 6.1 dB

conversion loss

Mismatch losses are calculated based on the equivalent circuit. The
circuit losses are those measured on the component parts. The discrepancy
of 1 to 2 dB between the total theoretical conversion loss and the measured
conversion loss (Figure III-5) can be attributed to four factors. First,
in estimating the PDR, the effect of Rq, which increases the PDR, and
therefore also the conversion loss was neglected. Second, the actual
mismatch losses are higher, up to 0.5 dB. Third, the circuit losses of

the matching network are not included, but are estimated to be significant.
In some cases the conversion loss was found to increase by as much as

0.5 dB as soon as the sapphire chip was bonded to the circuit. Finally,
the termination of the sum frequency, rLO +: fRF' is not lossless, and
energy converted to this frequency is lost for conversion to the desired

IF frequency. The best spot conversion loss was 6.7 dB, obtained in a
second mixer unit; however, the overall response of this mixer was not

as good as that reported in Section III-C.

E. Conclusions

It has been demonstrated that planar techniques and GaAs beam-lead

Schottky=-barrier diodes with very high cutoff frequencies make
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full-waveguide-band balanced mixers possible. The planar technique is
not only advantageous from a production and size point of view; it is
essential for the wide-bandwidth capability of this mixer. Several tech-
niques that have been explored previously but at much lower frequencies
have proven to be fully usable at millimeter-wave frequencies. Among
these is the use of a coplanar-waveguide slotline hybrid junction, the
design of diode-matching networks by computer optimization, and the suc-

cessful implementation of the matching network. Conversion loss and

noise figure of the mixer are not as good as those usually obtained in
waveguide mixers. However, the performance is excellent if compared with
similar MIC balanced mixers at lower frequencies., The inherent isolation
between the LO and RF port is reflected in the good isolation between the
LO and RF port that was measured in the actual mixer. Further work is
required to reduce the losses in the LO path, particularly at the high

end of the band. Reducing the losses should make operation of the mixer
with 1-mW incident power with a low noise figure feasible. In the present
unit, insufficient pump power in the upper half of the RF band increases
the conversion loss to 10.2 dB at 40 GHz (1 mA bias current). In addition,
a replacement for the sapphire chip used to match the diodes is desirable,

possibly in the form of an interdigital capacitor.

Extension of the design concept of the Ka-band mixer to higher fre-
quencies appears feasible, With the existing AEI Schottky-barrier diodes,
coverage of the full 40-to-60-GHz band is possible. However, because of
the lower impedance levels required for the RF slotline as well as for
the LO coplanar waveguide, a higher dielectric substrate such as sapphire
is recommended. Modified designs with waveguide inputs for the RF and the
LO signal are possible without changing the basic concept of the mixer.
Finally, it appears possible to use the design in an extension to an image-

enhanced and image-reject mixer,.
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Appendix A

OPERATING INSTRUCTIONS FOR THE K-BAND, MIC,
IMAGE-REJECT MIXER, MODEL KIRM-2(2)

j Description
a. General

The K-band (18.0- to 26.5-GHz) MIC, Image-Reject Mixer utilizes
the latest microwave integrated circuit techniques to realize for the
first time a broadband, image-reject mixer covering the entire K band.
The mixer design is such that conversion loss is degraded only slightly
(<1 dB) for LO power variations of 10 dB. Specifications are shown in
Table A-1. Figure A-1 is a photograph of the completed mixer, and Fig-

ure A-2 shows the assembled layout.

Table A-1

SPECIFICATIONS OF K-BAND
IMAGE-REJECT MIXER

Specifications
RF frequency range: 18.0-26.5 GHz
LO power range: 3-10 dBm
IF frequency: 168 MHz
IF bandwidth: 110 MHz

Connector ctype
RF port MPC 2 (male)
LO port MPC 2 (male)
IF ports SMA (female)

Power-supply requirements
Normal operation:
+15 *+ 5% volts at 2 mA
-15 + 57 volts at 2 mA
Absolute maximum:
+25 volts

(9]
(3]

b

{ PRECEDING PAGEpBLANK.NOT FIIMED
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SA-3414-17

FIGURE A-1 K-BAND (18.0 to 26.5 GHz), MIC, IMAGE-REJECT MIXER, MODEL KIRM-2(2)
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b Connectors

RF and LO Connectors--The RF and LO inputs are designed for

connecting directly to 0.085-inch semirigid coaxial cable so that the
mixer can be easily integrated with a YIG filter and a YIG-tuned local
oscillator. For testing purposes, the coaxial cables have been fitted
with Type MPC2 male connectors (Maury Microwave Corporation) and mate
with the waveguide to female MPC2 coax adapter Model No. SK8012A from

Maury Microwave Corporation.

IF Connectors--The real- and image-port connectors are female

SMA type. Gl

€. Mounting

The mixer may be mounted in any position by means of 4-40
screws through the four mounting holes in each corner of the image-

reject-mixer box.

Z. Environmental Limits

The following limits should not be exceeded:

e Maximum storage temperature 80°C

e Minimum storage temperature -20°C

3. Power -Supply Requirements

For optimized performance, each of the four mixer diodes requires
approximately 1 mA forward bias. Bias currents must be supplied from
two external 15-Vdc power supplies. One power supply supplies bias cur-
rent to the two mixer diodes with grounded cathodes through the feed-

through labeled *15 V (FL3 on connector layout shown in Figure A-2).
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The negative terminal of this supply is connected to the frame ground of

the mixer assembly.

The second supply supplies bias currents to the two mixer diodes

with grounded anodes through the feedthrough labeled -15 V (FL4). The

positive terminal of this supply is connected to frame ground.

Approximately 2 mA will be drawn from each supply when adjusted to

L5 Vs

4. Operation

Before placing the K-band image-reject mixer into operation, review

the general precautions noted in Section 5 of this appendix. Then pro-

ceed with the following steps:

(1)
(2)

(3)

(4)

Connect power supplies.

Measure currents from each power supply while increas-
ing voltages from zero to 15 volts. Currents should
increase with voltage to a value of approximately 2 mA
for each supply.

Measure each diode voltage while full bias current is
applied. The diode bias voltages are brought out
through feedthroughs labeied FL1, FL2, FL5, and FL6.
Using a meter with at least 1 megohm input impedance,
the diode voltages should measure as follows:

Feedthrough Voltage to
Numbe r Frame Ground
FL1 -0.6 to -0.7 V
FL2 4+0.6 to +0.7 V
FL5 +0.6 to +0.7 V
FL6 -0.6 to -0.7 V

Connect local-oscillator sources of 0 to 6 dBm
power output to the coaxial connector (MPC2)
labeled Pl. The LO input is on the same side of
the mixer assembly as the feedthrough terminals and
IF output connectors.
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(5)

(6)

Connect RF signal source to coaxial connector (MPC2)
labeled P2--opposite LO input. The difference be-
tween the LO and RF frequencies must be 168 MHz.

Connect 168-MHz amplifiers with 50-ohm input imped-
ance or 50-ohm loads as appropriate to IF output
Ports J1 and J2 (Figure 2). The real and image
signals will appear at Ports Jl and J2 as follows:

il JZ

> f Real sig o gip
fLO RF eal signal Image signal

fRF > fLO Image signal Real signal

5. Precautions

The procedures discussed in the following should be noted and ap-

plied du‘lng handling, installation, and operation of the K-band image-

reject mixer:

(1)

(2)

Mixer diodes may be damaged by static discharges. While
each mixer diode in the image-reject mixer is buffered
by resistors and heavily bypassed, all leads should be
grounded to the mixer case before connecting to the feed-
through terminals. Soldering-iron power cords should be
disconnected from the power source and connected to the
mixer case immediately prior to and during soldering to
feedthrough terminals. All coax cables should be dis-
charged by connecting the shield and center conductors
simultaneously to the mixer case prior to connection to
the mixer ports.

It is recommended that the feedthrough terminals be
connected by flexible wires to a solidly mounted terminal
strip if frequent connection changes are contemplated.
Connections can then be made at the terminal strip. Be-
cause the feedthroughs are necessarily small, they should
be protected from mechanical strain or repeated flexing
to prevent breaking the small center conductor.
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(3)

(4)

(5)

The LO input port (Pl) and the RF input port (P2) of the
image-reject mixer are fitted with MPC2 connectors. These
connectors do not mate properly with SMA type connectors
although the nuts are the same. Attempts to force a mate
could result in damage to the connectors. The MPC2 con-
nector is of much higher precision than the SMA type con-
nector and is necessary at K and Ka bands in order to
achieve good performance.

The RF and LO inputs to the K-band mixer are in 0.085-inch
coaxial cable for easy integration with YIG-tuned ele-
ments. Care should be exercised when connecting the RF
and LO inputs to signal sources so that the cables are

not bent or placed in torsional strain. Any bends, small
kinks, or twists can have degrading effects on the mixer
performance.

The mixer has four adjustable pots under the bottom cover
for adjusting the individual diode currents for optimum
performance. These pots have been set and cemented in
the optimum position for each diode. It is recommended
that these pots not be adjusted in the field because
proper settings can be obtained only through a specific
test procedure requiring specialized test equipment.

61




Appendix B

FINAL TECHNICAL PERFORMANCE MEASUREMENT COMPAR T SON
FOR THE K-BAND, MIC, IMAGE-REJECT MIXER, MODEL KIRM-2(2).
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Appendix B

FINAL TECHNICAL PERFORMANCE MEASUREMENT COMPARISON
FOR THE K-BAND, MIC, IMAGE-REJECT MIXER, MODEL KIRM-2(2).

3 Introduction

Performance goals for the K-band, MIC, image-reject mixer are as

follows:*

¢ Input LO power level 0 dBm minimum
+6 dBm maximum

* LO-port VSWR 3.0:1 maximum
2.5:1 typical

¢ RF-port VSWR 3.0:1 maximum
2.5:1 typical
e IF-port VSWR 2.0:1 maximum

2.5:1 typical

* Conversion loss, RF to IF at fIF = 9.5 dB maximum
168 MHz (IF bandwidth 110 MHz) 8.5 dB typical
* Noise figure (using 1.5 dB noise figure, 11.0 dB maximum
IF amplifier at 168 MHz, IF bandwidth is 10.0 dB typical
110 MHz)
¢ * LO-to-RF isolation 11.0 dB maximum

0
13.0 dB typical

¢ 2 X 2 balance 35.0 dB minimum
40.0 dB typical

* Image rejection 15.0 dB minimum
20.0 typical
Because some of the performance goals are in terms of maximum values

(conversion loss, for example) and others are in terms of minimum values

*
From SRI Proposal ERU 73-210, Section IV-D.
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(image rejection, for example), the following convention is established
’ : "
with regard to the listed "demonstrated variance:

(1) For performance goals with a maximum upper bound.

(a) A positive (+) demonstrated variance indicates
a demonstrated value greater than the maximum
performance goal. The demonstrated performance
does not meet the anticipated goal.

(b) A negative (-) demonstrated variance indicates
a demonstrated value less than the maximum
performance goal. The demonstrated performance
meets the anticipated goal.

(2) For performance goals with a minimum lower bound.

(a) A positive (+) demonstrated variance indicates
a demonstrated value greater than the minimum
performance goal. The demonstrated performance
meets the anticipated goal.

(b) A negative (-) demonstrated variance indicates
a demonstrated value less than the minimum
performance goal. The demonstrated performance
does not meet the anticipated goal.

The convention is summarized in the following tabulation:

Planned Demonstrated Demonstrated Performance
Value Variance Relative to Goal
Max + Does not meet anticipated goal

- Does meet anticipated goal

Min + Does meet anticipated goal
- Does not meet anticipated goal

2. Technical Performance Measurement Comparison

The final measured performance of the K-band, MIC, image-reject
mixer [ SNR KIRM-2(2) ] is compared to the design goals on the following
log sheets. Data are included for three local-oscillator drive levels:
0, +3, and +6 dBm, All data at 0-dBm LO drive are presented first,

followed successively by data at +3 dBm and +6 dBm LO drive levels,
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TECHNICAL PFRFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date: ]_Z_éz 2—74

e ARMm-2(2)
LO Power = O dBm,
Planned Frequercy Demonstrated | Demonstrated
Parareter Value GHz, Value Variance
LO Port VSWR 3.0:1 Max,
16,0 25 ~ TS
19.0 R 1e =} 2}
20,0 1.7 Sk
21,0 |- -1.33
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26,5 1.0 St
S
A - L._‘_>
Approved by :
/E‘;‘;ﬁ ved,
(=) variance indicates demonr;trat.ed value meets the anticifated poal,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date: |2é72 7£

WIRM -2(2)
LO Power = O dBm,
Planned Frequency Demonstrated | Demonrstrated
Parameter Value GHz, Value Variance
RF Pert VSWR 3,0:1 Max,
18,0 .30 =i lo
19.0 .30 -\"lo
20,0 .62 -1.28
21,0 210 -0490
22,0 | -Bo -1.20
23.0 2.33 =
2140 \.20 -1.80
25.0 1178 -2z
26,0 \.bS -1.35
26.5 \ . q S o \ ® OS
VY74 S
Approved by : \M/
APproved.
(=) variance 1n¢ntos demon*trated value meets the anticibated goal,

68




TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Heject Mixer

(Firal Product)

Date: l/|b/15

Kree -2(2)
LO Power = O dBm,
Planned Frequency Demonstrated | Dericnstrated
Parameter Value MHz, Value Variance
IF Port VSWR 2.,5:1 Max,
112 \A2 —\.08
140 1.33 -1
168 .22 —\.28
196 -2 - 129
22l (.19 -\1.2)

(=) variance ind

Approved I)yq

O
s
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licates demonBtrated value r#eets the ant,iciLated goal,
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TECHNICAL PERFCRMANCE i’F.ASU}E!‘EN'I‘ COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

SRM -2 Date: |-\
L0 Power = __ O dbm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz, Value Variance
dB, dB, dB,
Conversion Loss 9.5 dB,
Max,
18.0 '-)56 _\‘f']
19.0 8.\ -4
20,0 84 -\.\
21.0 8.8 -0.)
22,0 8.6 -
23 0 8,0 -1 5
2’-‘.0 &O - l-S
25.0 8.5 -1.0
26,0 9.5 o
26,5 \0.S ~\.0
Noise Figure 11,0 dB, 25,0 10.3 -0,
Max,
D Q%"\»
Approved by : \%bﬂ

(=) veriance ind{cates demné.rntod value qu the nnticinrted goal,
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TECHNICAL PERFORMANCE MPEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

1 i« 205 Date: 272/ 74
LO Power = O dBm,
Planned Frequency Demonstrated | Demonstrated
Parareter Value GHz. Value Variance
dB, dB,. dB,
1O te RF 11,0 dB,
Isolation Max,
18,0 lb.o =l
19.0 e S -35S5
20,0 \b.S -55
21,0 \b-S =D
22,0 \8.5 el
23,0 25.0 -\d.0
24,0 2 8.0 —171-0
25.0 \ 9 .0 o 8~ ©
26,0 14.0 ~-3.0
26,5 4.5 -3.5
VR (R,
Approved by : \Wﬂ
(=) variance indjcstes dcmonltrated value mpets the anticigated poal,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

]
KR -2(2) Date: 1:1&275

1O Power = O dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz. Value Variance
dB, dB, dB,
2x2 35.0 dB,
Spurious Min,
18,0 42 + —I
19.0 45 +10
20,0 55 +20
21.0 54 4+77)
22.0 A4 49
23,0 44 + 9
25.0' A q A2
26,0 52 171

26,5 S

VR,

Approved by : \/*‘/P

(¢) variance 1nd+atea demonsirated value n&ts the anticipgted goal,
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TECHNICAL PERFORMANCE f’."‘..‘.SUHEMEN’I‘ COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date:_L-I5-1S

X\RM -2( V)
LO Power = (O  dbm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz, Value Variance
dB, dB, dB,
Image Rejection 15,0 dB,
Min,
18,0 22 + 7]
19.0 do 425
20,0 - %o +18
21.0 27 &0
22,0 fili +\
23,0 26 =3
24,0 b AP PO |
25,0 20 N
26.0 21 47
26,5 2.0 +S
Lo EE SR
Approved byg \Aﬁ/
(+) variance indi#ates demonsf{rated value mepts the anticin{ted poal,
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TECHNICAL PERFORMANCE MEASUKEMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date: 122174

Y¥iem -2(2)
LO Power = +3 dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz. Value Variance
LO Pert VSWR 3.0t1 Max,
18,0 1,30 -l.110
19.0 1. 85 = 1. 19
20.0 l.bs (7 \a32
21,0 l.8 ol 2
22,0 .58 -1.42
23.0 1.28 =1 L2
2.0 |.15 ~1.85
25.0 }.25 -1.18
26,0 115 —~\.%5
26,5 .50 - 1.506
Approved by:
(=) variance Mdivnu demonaJrned value me¢ts the anticipafted poal.
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TECHNICAL PERFCRMANCE MPASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date: 0277[74

it KiRm -2(2)
LO Power = +3 a6,
Planned | Frequemcy | Demonstrated | Demonstrated
Parareter Value GHz. Value Variance
RF Pert VSWR 3,0:1 Max,
18,0 .20 =1 0
19.0 W2 d -1.178
20,0 .72 -1.28
21.0 2.10 -0.90
22,0 1< b3 - 1.5
23.0 Ll -0.L8
24,0 {25 =\.15
25.0 B | e
26,0 .58 o Y2
26.5 {. &8 - \-Y2

(=) variance ind\%ates demons

Approved by :

trated value merts the anticipj

02

<
G

a{/’::/

ted goal,

75




TECHNICAL PERFORMANCE MSASUREMENT COMPARISCON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date: ‘zuol"l5

KR -2(2)
1O Power = +3 dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value MYz, Value Variance
IF Pert VSWR 24,521 Max,
112 .50 -\.0
140 .38 -1.\2
168 \.29 -1.2\
196 |25 - 125
22 \.22 -1.2%9

(=) variance indicates demon

Approved byf:

strated value #aets the antic]

DR

oy

pa ted goal,
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TECHNICAL PERFCRMANCE MSASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

CRM -2132) Date: lZISZ’)S

10 Power = __*+ D  dbm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz, y Value Variance
dB, dB, dB,
Conversion Loss 9.5 dB,
ot 18,0 1.8 =il
19.0 -8 =1
20,0 79 o
21.0 8.4 -1\
22.0 8 ) -1.4
23,0 7.6 -1.9
24.0 1.5 -2.0
25.0 1.8 =17
26,0 2.8 ~-0.
26,5 95 O
R
—
(=) variance indﬂratea demonsfprated value mqats the anticicjted poal,
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PRECEDING PAGE{BLANK.NOT FIDMED

TECHNICAL PERFORMANCE MEASUREMENT COMPARISON
X-Band, MIC, Image Reject Mixer
(Firal Preduct)
: 27/
Rt -2 Date: 12/27/ 4
LO Power = +3 dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz. Value Variance
dB. d-B. L]
10 te RF i 11.0 dB.
Isolation Max,
18,0 2.5 ~-\.5
19.0 3.0 ~2.0
20.0 \& .o -3.0
21.0 145 -2.5
22.0 177.0 ~b.o
23.0 = -19
2k4.0 230 ~19
25.0 \Q.O -5.0
26.0 4.0 ~3.0
26.5 IA’- o ‘%-O
Approved by: . ; I
/
(=) variance indifates demonstrated value m+ts the anticippted goal,
¢
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TECHNICAL PERFORMANCE MSASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

LO Power = —*?5 dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz, Value Variance
dB, dB, dB,
2 x 2 Spurious 35,0 dB,
Min,
18,0 A2 +71
19.0 As 4\0
20,0 Hhe 415
21.0 oA 19
22.0 A4 3+ 9
23,0 44 + 9
2110 A4 &5
25.0 4 o 4 1)
26,0 4B +\3
26,5 40 4\)
VR }@\ s
(#) variance indiﬁates demonsﬁrated value me¢ts the anticinéted poal,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Dato:_gﬁzyﬁl§__

Kiee -2(2)
L0 Power = > dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz. Value Variance
dB, dB, dB,
Image Rejection 15 dB, Min
18,0 22 o
19,0 30 +721
20,0 22 + N
21,0 25 + L0
22,0
23.0
2.0
25.0
26,0
26,5
Approved by
(+) variance indidates demons%?ated value meqts the anticipdted poal,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer
(Firal Preduct)

o2l Date: /2/27/74

LO Power = (o.o dBm,

Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz, Value Variance
LO Port VSWR 3.0:1 Max,
18,0 .38 —l2
19.0 /92 —1.08
20.0 /.78 —|.22
21.0 178 -\l
22,0 .54 - 146
23.0 .38 -\-2
24,0 /.22 -\.18
25.0 L3¢ -1.68
26,0 1.2 ¢4 -1.1¢
26,5 -3 -\.S0
VR Choda—
Approved by : AN (}
(=) variance indjcates demongtrated value mpets the anticigated goal.
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TECHNICAL PERFCRMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Approved by :

. 12/22/ 74
iR ~2 (’3) Date: / /
LO Power = + 6.0 dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz . Value Variance
RF Pert VSWR 3,0:1 Max,
18.0 /29 ity
19.0 /.22 - 118
20,0 /.87 =3
21.0 2.32 -0.68
22,0 1.4¢ = Lio%
23.0 2.60 -06.40
24,0 /.38 ~l.62
25.0 /- 87 . \ . ' ?>
26,0 /.54 -1.46
26,5 /.67 -

(=) veriance indikates demonsprated performgnce meets the
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TECHNICAL PERFCRMANCE MEASUREMENT COMPARISON

K-Band, MIC, Imapge Reject Mixer

(Firal Preduct)

C1eM - 2(2)

Date

ce 5)’75

LO Power = +(J’ dBm,

Planned Frequercy Denonstrated | Demonstrated

Parameter Value Mz, Value Variance
IF Port VSWR 2.5:1 Max,

112 .63 -0.%71

U0 128 S W

168 1-25 = RS

196 l.3| —{ .\q

22l 429 -2

(=) variance indic

ptes demonst

Approved by:

Frated value meéts the anticipa

o

ed poal,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K-Band, MIC, Image Reject Mixer
(Firal Preduct)

i
Yigter. 2> Date: 1227/}

LO Power = +ld dBm,

Planned Frequency Demonstrated | Demonstrated
Paiarmeter Value GHz, Value Variance
dB, dB, dB,
Conversion Loss 9.5 dB,
T 18.0 7.6 i
19.0 1.8 =]
20,0 1-9 =Lt
21.0 2.4 =l
22,0 -0 =0
23,0 1.8 =1
23,0 05 T
25,0 1.8 -1
26,0 2.1 -0.8
26,5 b o
Noise Figure 11,0 dB, 25,0 9.9 -1.1
Max,
Approved by :
(=) variance indichtes demonstfated value ne+ta the anticipaged goal,
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TECHNICAL PERFORMANCE mﬁ.SU}EEPEhT COMPARISON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

K\RM-2(3) Date:_/ </<7/7¢

LO Power = + 6.0 dBm,

Pla;\ned Frequency Demonstrated | Demonstrated
Parameter Value GHz. Value Variance
dB, dB,
10 te RF 11,0 dB,
Isolation Max,
18,0 10.0 +\.o
19.0 /0.0 +1-0
20,0 LS -0.5
21.0 1229 - 0.\
22.0 14.S sl
23.0 2/.0 - 1\.o
24,0 22 .0 -12.0
25.0 1 &, & - B
26,0 /4.0 -4.0
26,5 /4.0 —-4.0
Aporoved |by* \A/"éd a :
(=) variance indsLates demonerated value wJets the anticinated poal,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISCON

K-Band, MIC, Image Reject Mixer

(Firal Preduct)

Date: lZISZ’IS

X\&m-21(
LO Power = +o dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHgz, Value Variance
dB, dB, dB,
2 x?2 35,0 dB,
Spurious Min, 28.0 A 4 +9
19.0 a4 b
- 20,0 54 +l9
~| 21.0 55 s L
20 | 44 ¥ 9
23.0 4, = +10
25,0 Ar(p + 1 \
26,0 S5k +21
26,5 50 S
DR
Approved by : \mé /j
/
(+) variance indficates deantraf.ed value #ets the anticipated goal.
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TECHNICAL PERFCRMANCE MEASUREMENT COMPARISON

K-Band, MIC, Imapge Reject Mixer

(Firal Preduct)

\(\?(“\"ZL’D Date: ‘1‘5!15

LO Power = '\'LO dBm,

Planned Frequency Denonstrated | Demonstrated
Parameter Value GHz. Valvue Variance
dB, dB, dB,
Image Rejectim 15.0 dB,
Min,
18.0 \ 9 x4
19.0 28 425
20,0 27 A\2
21.0 28 A3
22,0 \ 9 +4
23.0 \ 8 *3>
2140 20 a\\
25,0 26 1)
26,0 24 +9
26,5 =5 + 8
Approved by : ~M/¢
(+) variance ind{cates demon+trated value nﬂets the anticigated goal,

87




e

i

Appendix C

OPERATING INSTRUCTIONS FOR THE Ka-BAND, BALANCED MIXER,
MODEL RBM-1
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Appendix C
BALANCED MIXER,

OPERATING INSTRUCTIONS FOR THE Ka-BAND,
MODEL RBM-1

i G Description

&, General

The Ka-band (26.5-t0-40.0-GHz) MIC, Balanced Mixer utilizes the

latest microwave integrated-circuit techniques to realize for the first

time a broadband, balanced mixer covering the entire Ka-band. Specifi-
cations are shown in Table C-1.
Table C-1
SPECIFICATIONS OF Ka-BAND IMAGE-REJECT MIXER
Specifications
RF Frequency Range: 26,5-40 GHz
LO Power Range: 3-10 dBm
» IF Frequency Range: 0.03-2 GHz
(without blociring capacitor
dc--8 GHz)

Connector Type

RF Port Waveguide WR28
LO Port MPC2 (male)
IF Port SMA (female)

Power Supply Requirements

+15 & 5% volts at 1.5 mA

Normal operation:
-15 + 5% volts at 1.5 mA
Absolute maximum: :25 volts
.
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b. Connectors

RF Connector--The RF input is in waveguide WR28 mating with

Flange UG(599) /U and 4-40 screw holes.

LO Connector--The LO input is designed for connecting directly
to 0.085-inch semirigid coaxial cable so that the mixer can be easily
integrated with a YIG-tuned local oscillator. For testing purposes, the
coaxial cable has been fitted with a type MPC2 male connector (Maury
Microwéve Corporation) and mates with the waveguide to female MPC2 coax

adapter Model. No. SR8012A from Maury Microwave Corporation.

IF Connectors--The IF port connector is a female SMA type.

€s Mounting

The mixer may be mounted in any position by means of 4-40

screws and two tapped holes in the bottom of the mixer box.

2. Environmental Limits

The following limits should not be exceeded:

¢ Maximum storage temperature 80°C
¢ Minimum storage temperature -20°C
J. Power-Supply Requirements

For optimized performance, each of the two mixer diodes requires
approximately 1.5 mA forward bias. Bias currents must be supplied from
two external 15-Vdc power supplies. The +15 volts are applied to power
connector FL1, and the -15 volts to power connector FL2, both with re-

spect to frame ground, For connector layout, see Figure C-1.
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Approximately 1.5 mA will be drawn from each supply when adjusted

to 15 V.

4. Operation

Before placing the K-band image-reject mixer into operation, review
the general precautions noted in Section 5 of this appendix. Then proceed

with the following steps:
(1) Connect power supplies.

(2) Measure currents from each power supply while increasing
voltages from zero to 15 volts. Currents should increase
with voltage to a value of approximately 1.5 mA for each
supply.

(3) Connect local-oscillator source of 3-to-10-dBm power
output to the coaxial connector (MPC2) labeled P1.

(4) Connect RF signal source to waveguide input. The dif-
ference between the LO and RF frequencies must be within
the 30-MHz-to-2-GHz range.

(5) Connect IF amplifier with 50-ohm input impedance or
50-ohm load as appropriate to IF output Port J1
(Figure A-1),

S. Precautions

The following procedures should be noted and applied during handling,

installation, and operation of the Ka-band balanced mixer:

(1) Mixer diodes may be damaged by static discharges. While
cach mixer diode in the balanced mixer is buffered by re-
sistors and heavily bypassed, all leads should be grounded
to the mixer case before connecting to the feedthrough
terminals. Soldering-iron power cords should be discon-
nected from the power source and connected to the mixer
case immediately prior to and during soldering to feed-
through terminals., All coax cables should be discharged
by connecting the shield and center conductors simul tane-
ously to the mixer case prior to connection to the mixer ports.
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(2) It is recommended that the feedthrough terminals be con-
nected by flexible wires to a solidly mounted terminal
strip if frequent connection changes are contemplated,
Connections can then be made at the terminal strip. Be-
cause the feedthroughs are necessarily small, they should
be protected from mechanical strain or repeated flexing

to prevent breaking the small center conductor.

(3) The 1O input port (P1) of the balanced mixer is fitted
with a MPC2 connector. This connector does not mate
properly with SMA-type connectors, although the nuts are
the same. Attempts to force a mate could result in damage
to the connector. The MPC2 connector is of much higher
precision than the SMA type connector and is necessary at
K and Ka bands in order to achieve good performance.

(4) The 1O input to the Ka-band mixer is in 0.085-inch coaxial
cable for easy integration with YIG-tuned oscillators.
Care should be exercised when connecting the 1O input to
a signal source so that the cable is not bent or placed in
torsional strain. Any bends, small kinks, or twists can

have degrading effects on the mixer performance.

(5) The mixer has test points under the top cover to monitor
the diode voltages. The voltages should be measured using
a meter with at least 1 megohm input impedance. With full
bias applied, the total voltage between the two test points
should be 1.2 to 1.4 volts. The voltage of each diode to
ground lies within 42 volts.




Appendix D
FINAL TECHNICAL PERFORMANCE MEASUREMENT

COMPARISON FOR THE Ka-BAND BALANCED MIXER,
MODEL RBM-1
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Appendix D
FINAL TECHNICAL PERFORMANCE MEASUREMENT

COMPARISON FOR THE Ka-BAND BALANCED MIXER
MODEL RBM-1

i i Introduction

Performance goals for the Ka-band, MIC, balanced mixer

follows:*

Input LO power level 0 dBm

+6 dBm

LO~port VSWR 3.0:1

2.5:1

RF-port VSWR 3.0 41

2o

IF-port VSWR 2.0:1

1.5:1

Conversion loss, RF to IF 9.0 dB

(dc-to-10-GHz IF bandwidth) 8.0 dB

Noise figure (using 1.5-dB-noise-figure 10.5 dB

IF amplifier at 168 MHz; IF bandwidth is 9.5 dB
110 MHz)

10-to-RF isolation 20.0 dB

25.0 dB

2 ¥ 2 balance 40,0 dB

Because some of the performance goals are in terms of maximum values

are as

minimum

maximum

maximum

typical

maximum

typical

maximum
typical

maximum
typical

maximum
typical

maximum
typical

typical

(conversion loss, for example) and others are in terms of minimum values

(2 ¥ 2 balance, for example), the following convention

with regard to the listed "demonstrated variance:"

*
From SRI Proposal ERU 73-210, Section IV-=D,
99

is established




(1) For performance goals with a maximum upper bound.

(a) A positive (+) demonstrated variance indicates
a demonstrated value greater than the maximum
performance goal, The demonstrated performance
does not meet the anticipated goal.

(b) A negative (-) demonstrated variance indicates
a demonstrated value lessc than the maximum
performance goal. The demonstrated performance
meets the anticipated goal,

(2) For performance goals with a minimum lower bound.

(a) A positive (+) demonstrated variance indicates
a demonstrated value greater than the minimum
performance goal. The demonstrated performance
meets the anticipated goal,

(b) A negative (-) demonstrated variance indicates
a demonstrated value less than the minimum
performance goal. The demonstrated performanc
does not meet the anticipated goal.

The convention is summarized in the following tabulation:

Planned Demonstrated Demonstrated Performance
Value Variance Relative to Goal
Max + Does not meet anticipated goal
- Does meet anticipated goal
Min + Does meet anticipated goal
- Does not meet anticipated goal

2. Technical Performance Measurement Comparison

The final measured performance of the Ka-band, MIC, balanced mixer
(Model RBM-1) is compared to the design goals on the following log sheets.
Data are included for three local-oscillator drive levels: +3, +6, and
+10 dBm. The data at +3 dBm drive are presented first, followed by data

at +6 and +10 dBm.
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TECHNICAL FERFORMANCE IMZASUREMENT COMPARISON

Ka-l}and Balanced lixer

(Firal Product)

St Date: //2//7s
10 Power = + 3 dBm,
Planned Frequency Demonstrated | Demonstrated
Parareter Value GHz. Value Variance
LO Port VSWR 3,0:1 max 26.5 . -/ 2
28 2.6 ~o.d
29 3.0 - 0.0
49 3o -0
31 3.0 —0.0
32 2.0 Ly
33 -4 - 8l
34 2.0 SO
35 z.8 R
36 .2.6 —~0.9
37 2.\ —-0.9
38 (.3 I M ¢
39 - 2.0 —.0
40 3.0 —0.0
‘Tested by : QJA?— g
Approved by : M
(=) Variance indicgtes demonsuj&ned value mee{s the anticipat;d goal,
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TECHNICAL FRRFORMANCE MEASUREMENT COMPARISON

K -Ban'd Balanced liixer
a

(Firal Product)

REN- Date: ’/2’/75
10 Power = » 3 dBm,
Planned Frequency Demonstrated | Demonstrated
Parareter Value GHz, Valuve Variance
RF Port VSWR 3.0:1 max 26.5 /.36 — /6%
28 /.75 — (.25
29 /.65 : -/.35
30 ' 7.9¢ -/.5¢
31 /.90 =l-Ee
32 172 k2
33 /.52 -/ 48
34 /.53 - --147
35 /"3. ~-/.87
36 ../.06 -1.9¢4
37 /. 2% —~/.728
38 /.35 | —/65
7
39 /.60 : —/. 40
40 /.92 -/.08
‘Tested by : b‘?‘
Approved by : M
-) Variance indicqtes demonstifated value mecys the anticipatppd goal,
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TECHNICAL PRRFCRMANCE VEASUREMENT COMPARISON

K -Band Balanced llixer

a

(Firal Product)

REM-1 Date:_ y22/7s

LO Pewer = + 3 éBm,
Planned Frequency Demonstrated | Deronstrated
Parareter Value GHz, Value Variance
IF Port VSWR 2.0:1 max 100 MHz to /- 33 max -0.67

2.0 GHz

Tested by: Mf‘
Approved by: \N‘#

(=) variance tndic:ltcs demonstrdted value meetg the nnnciput&

d goal,
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TECHNICAL FRRFCRMANCE MEASURENMENT COMPARISON

K -Band Balanced llixer
a

(Firal Preduct)

RBM-1 Date: //Z///S
10 Power = _ #3  dBm,
Planned Frequency Demonstrated | Demonstrated
Parareter Value GHz, Value Variance

Conv. rsion loss 9.0 dB max 26,5 P Ae) -/0

28 £s - 0.5

29 §.0 —/.0
30 7.8 — e
31 7.8 -2
32 7.7 —1.3
33 2.0 —¢.0
34 &l ' —0.9
35 &0 —-1.0
36 7.8 wit- L
37. g0 —1.0
38 81 -o.3

-
39 24 Zo.¢
40 4.6 +0.6
Ncise Figure 10,5 dB max 39 /0.0 —-0.5
Tested by: “’7”
Approved by: \A""?

(=) variance indic4tes demonstrpited value meeq{s the anticipatpd goal.
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TECHNICAL PERFCRMANCE MEASUREMENT COMPARISON

K -Band Balanced liixer
a

(Firal Product)

o Date:_ //2//75
LO Power = +3 dBm,
Planned Frequency Demonstrated | Demonstrated
Parareter Value GHz. Value Variance
LO to RF Isolation | 20.0 dB min 26,5 ‘7 -3
3= 1
ag z/
29 3/ +11
30 30 + 10
31 26 + 6
32 Zq. +4
33 36 +16
34 ’ qo0 + 20
35 25 +S
36 O +8
A37 26 + 6
38 zo + 0
39 3s +1Ss
40 33 +13
Tested by : MAZ_’-
Approved by : ‘444
“+) variance indchtes demonstrpted value mee$ the anticipatrd goal,
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TECHNICAL I'"RFORMANCE 1ZIASURENMENT COMPARISON

K ~-Band Balanced liixer
a

(Firal Product)

RBM-1 Date: //22/75
10 Pewer = *+ 3 dBm,
Planned Frequency Demonstrated | Cemonstrated
Parareter Value GHz . Value Variance
2 x 2 Spurious 35.0 dB min| 26,5 45 + 10
28 45 + 10
29 43 + 8
30 4s + (0
31 46 = 1
32 46 -+ 1
34 4z 1
35 41/ + G
36 : 94-¢ 411
37 a3 +8
a8 39 o
39 41 ot
40 4¢ + 11
Tested by: “‘f
{\pproved by : M
@) variance indicjtes demonsjated value mee§s the anticipatpd goal,
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TECHNICAL FERFCRMANCE VEASUREMENT COMPARISON

K -Band Balanced llixer
o

(Firal Product)

RBM-1 Date:_//21/75

10 Power = - 6 dBm,
Planned Frequency Dermonstrated | Demonstrated
Parareter Value GHz, Value Variance

LO Port VSWR 3.0:1 max 26.5 \.8 -~ (2

28 2.6 —o.%

29 3.2 +o.2

30 34 +0.4

B 32 +0.1

32 2.3 -0, —I

33 |4 - 16

34 1.8 -2

35 2.4 —0.%

‘36 - 2.6 -t &

2t 2. 0.9

38 3 1.1

39 2.1 ~-0.9

40 3.0 ~0.0

‘Tested by: Mﬁ""
Approved by : \’4’4

-) Vartancé indicdtes demonstifated value mee§s the anticipatpd goal.
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TECHNICAI FERFCRMANCE MEASUNEMENT COMPARISON

K -Band Balanced liixer
a

(Firal Product)

Rl Date: ’/2//’5
LO Power = ___'f'_é____dBm.
Planne« Frequency Demonstrated | Demonstrated
Parareter Value GHz, Value Variance
RF Port VSWR 3.0:1 max 26.5 /.93 =/.57
28 /-90 ~ /.10
29 /-80" —J).20
30 /.65 —/. 3% -
31 2.0 —/-0
32 1-98 ~J.0L
33 /.7 —/.28
34 /.68 ~/-32
35 /-26 -/-7¢
36 .24 -1.76
37 114 -1.86
38 1t —1 %8
”~
39 /.38 -r.62
40 (- 70 —1- 30
‘Tested by : /“67'
Approved by: Al‘j‘__
-) vartance tndiq tes demonstifated value mecys the unticipatL’d goal.
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K -Band Balanced lixer

a

(Firal Product)

RBM-1 Date: ,/27_/75
LO Pewer = +6 dBm,
Planned Frequercy Derionstrated | Pemonstrated
Parareter Value GHz, Valve Variance
IF Port VSWR 2,0:1 max 100 MHz to /.27 max —0.73
2,0 GHz

Tested by: V"'?’
Approved by: M

(=) variance indicdtes demonstrdted value meetf the anticipatdd goal,
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TECHNICAL FRRFORMANCE IZASURENMINT COMPARISCH

Ka-Band Balanced Mixer

(Firal Product)

RBM-1 Pates /{2//75

LO Power = _+6  dBm,
Planned Frequency Dermonstrated | Demonstrated
Parareter Value GHz, Value Variance
Conversion Loss 9.0 dB max 26.5 7.8 p— A 3
28 g2 ~o.8
29 7.6 — 1. ¢
30 7.4 —1. 6
31 2.8 —1.2
32 75 -1.5
33 -8 ~1.2
34 ;7.8 R
35 7‘4 —1. %
36 T ~& &
37 2.2 5
38 7.7 it
39 7.3 :/. 7
40 8.2 -0.8
Noise Figure | 10.5 dB may 39 9./ ~1 4
.Tested by : “?"'
Approved by: M
(=) variance indic{tes demonstifited valuc mee§s the anticipatpd goal.
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TECHNICAL FERFCRMANCE IELSUREMERT CONMPARISON

K -Band Balanced liixer
a

(Firal Product)

RBA-1 Date: 1/24/75

10 Power = +6 dBm,
Planned Frequency Demonstrated | Leronstrated
Parameter Value GHz., Value Variance
LO to RF Isolation | 20.0 dB min 26.5 /8 —-2.0
48 2/ + /.0
20 2 +70.0
30 20 +/0.0
31 27 +7.0
32 24 +6.0
48 3+ +//.0
34 32 +12.0
35 z2¢ +4.0
36 27 +7.0
37 2¢ +4.0
38 /18 =20
3¢ - ¥ 2 +2.0
40 32 +12-0
Tested by : 7—
Approved by : W
(4#) variance indicates demonstrhted value meetys the anticipat¢d goal,
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TECHNICAL FERFQRMANCE VEASUREMENT COMPARISON

K ‘I-Bund Balanced llixer

(Firal Product)

RBM-1 Date: /{22{75

LO Power = _+£______dBm.
Planned Frequercy Demonstrated | Pemonstrated
Parareter Value GHz, Value Variance
2 X 2 Spurious 35.0 dB min 26.5 45 + 10
28 - 49 +\4
29 43 +8
30 4s 410
31 40 + 1\
32 4¢ 4+ 1)
33 42 +1
34 42 . 1
" 88 43 | +&
36 . 47 +12
37 éc =1
38 94s +10
39 46 1\
40 45 + 10
Tested by: . 9
{(pproved by : M
) variance indicgdtes demonstifated valuc meef§s the anticipatpd goal,
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TECHNICAL FRRFORMANCE VEASUNEMENT COMPARISCH

K -Band Balanced lixer
o

(Firal Product)

RBM-1

Date:_/22/75
LO Power = + /0 dBm,
Planned Frequency Deronstrated | Demonstrated
Parareter Value GHz. Value Variance
LO Port VSWR 3.0:1 max 26.5 2.0 =/
28 2.5 it
29 2. q +o0.4
30 3.3 +0.3
31 3.4 +0.4
- 2.2 -0.8
34 ) -0.9
35 zZ.¢ -o. ¢
36 e-6 -0.4
o 2.3 0.7
38 \-2
s =175
39 2.3 -0.7
40 3 o — ®.0
‘Tested by:
Approved by :
(G ) Variancé indicq{tes demonstifated value mee§s the anticipatpd goal.

113




TECHNICAJ, FERFORMANCE MEASUREMENT COMPALRISON

K -Band Ba lanced Lixer

a

(Firal Product)

RBM-1 Satas ’?///5
LO Power = +/0 dBm,
Planned Frequency Peronstrated | Demonstirated
Parareter Value GHz, Value Variance

RF Port VSWR 3,0:1 max 26.5 /-53 - 197
28 2.1 -0.9
29 A - —7.0
30 /.94 —-/.02
31 Zz2.3 -0.7
32 -5 -0.7
33 2.85 -o.4as
34 .88 e LA
35 145 - (.SS
36 -1.So —1.S0
37 .30 -1.70
38 -z — 1. 8%

e
39 (W N —-1.18
10 152 -.da7
‘Tested by : Vo‘j"
Approved by: m
(~) Vnrtnnce indicdtes demonstifated value mec§s the anticipatpd goal,

114




J e

TECHNICAL FRRIFORMANCE

r

d Iiixe

K -Band Balancad

a
(Firal Product)
g Date:_4/2t/7s
10 Pcuwer = 7-/0 dBm,
Planned Frequency Deronstrated | Demorstrated
Parareter Value Ghz., Valua Variance
/.S mar - 0.5

IF Port VSWR

2,0:1 max

tes demonstr

(=) vVariance indic:

100 N\Jiz to

2,0 GHz

Tested by :

Approved by:

ted value meet

arg-
w

d goal,

b the anticipaty
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TECHNICAL PERFCRMANCE MWASUREMENT COMPARISCH

K -Band Balanced lixer
a

(Firal Product)

RBM-1 Date: //27 /75
LO Posier = _+/0  dBm,
Planned Frequency Demonstrated | Cemonstrated
Parareter Value GHz. Value Variance
Conversion Loss 9.0 dB max 26.5 &0 - /.0
28 &3 —a7
29 7.4 -(.6
30 72 -/ &
31 7.8 —-1.2
32 735 —7.5
33 79 —1.{
34 go —1.0
35 7.¢_ —1-6
36 7.6 —(. ¢
'37. 7.6 -/.4
38 7.4 ~16
39 6.7 =28
40 7.6 i
Noise Figure | 10.5 dB max 39 | AA —-7.9
.Tested by : MAZ—"
Approved by: M
(=) variance indicdtes demonstruted value mec{s the nnucipnt}:d goal,
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TECHHNICAL FERFCRMANCE MELSUIEMENT COMPARISON

K -Band Balanced lMixer

a

(Firal Product)

sl Date:_ //22/75

L0 Poiicr = 4/0O dBm,
Planned Frequency Demonstrated | Demonstrated
Parameter Value GHz ., Value Variance
LO to RF Isolation | 20.0 dB min 26.5 /7 -3
28 2t +z
29 3o +10
30 30 + 10
31 26 + G
32 28 T
33 3e. +10
34 33 Co+\3
35 23 +3
36 “ z? S 7
37 2% * 9
38 8 -2
7
39 37 i
40 32 R
.Tested by: P‘—‘?"‘
Approved by : \/k‘g&
&) Variance indicdtes demonstrfited value mectls the anticipat¢d goal,
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TECHNICATL FRRFOQRMANCE MEASURENSNT COMEARIS

K -Band Dalanced Mixer
a

(Firal Product)

REM-1 Date: /{22{75‘
L0 Power = _+/O0  dBm,
Planned Frequency Penonstrated | Demonstrated
Parareter Value GHz, Valua Variance

2 x 2 Spurious 35.0 dB min| 26,5 qs + (0

28 s3 18

29 a3 + 8

30 s 4+ 1O

31 46 -\

32 45 A

33 a3 +8

34 43 +8

35 43 + 8

36 . a1 +\1

37 46 +\\

38 48 +13

7
39 a1 L1
410 as T e
Tested by: %7
{\.ppboved by : \y,

¢) variance indicdtes dumonsu[nted value mec{s the anticipatpd goal,
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